Endothelial cell apoptosis has been postulated as the initial trigger of the progression of microvascular disease in patients with diabetes mellitus. To investigate the role of Scutellariae radix extract, we examined its effect on the endothelial cell proliferation using the [ 3 H]-thymidine incorporation method. Scutellariae radix extract significantly stimulated endothelial cell proliferation in a dose-dependent manner. We focused on the protective action of Scutellariae radix extract on the endothelial cell apoptosis induced by high glucose concentrations. Determination of endothelial cell apoptosis was performed using DNA gel electrophoresis, terminal deoxynuclotidyl transferase-mediated dUTP nick end-labeling (TUNEL) assay, and an ELISA kit. Exposure of vascular endothelial cell to high glucose (16.7 mM) for 72 h resulted in a significant increase in apoptosis, compared with the normal glucose concentrations (5.5 mM). Scutellariae radix extract inhibited high glucose-induced endothelial cell apoptosis. This result suggests that Scutellariae radix extract may contribute to antiapoptotic action against vascular endothelial cells, resulting in a beneficial effect in preventing diabetes-associated microvascular complications.
Hyperglycemia plays an important role in the development of microvascular complications in diabetes mellitus. 1) Endothelial cells are considered candidates involved in the pathogenesis of diabetic vascular complications. It has been reported that endothelial cells cultured at high glucose concentrations show a slower rate of proliferation 2, 3) and prolonged cell cycle, 4) which is reversed by antioxidants. 5) In addition, high glucose concentrations trigger apoptosis in cultured endothelial cells. [6] [7] [8] [9] [10] Accelerated endothelial cell apoptosis is an important event in the process of diabetes-associated microvascular complications. Thus prevention of high glucose-induced endothelial cell apoptosis may have important implications for pharmacologic attempts to prevent these complications.
Studies have indicated that apoptosis can be induced by oxidative stress, 6, 7, 10) which is reversed by antioxidants. A thiol-containing antioxidant, N-acetyl-L-cysteine (NAC) prevents the decrease in intracellular glutathione (GSH) content and decreases both reactive oxygen species (ROS) generation and the number of cells committed to apoptosis in high glucose-induced human aortic endothelial cells (HAECs).
6) The conditionally semiessential amino acid taurine attenuates hyperglycemia-induced human umbilical vein endothelial cell apoptosis through ROS inhibition and [Ca(2ϩ)](i) stabilization. 7) Several Chinese herbal complexes that contain Scutellariae radix have been reported to have various beneficial biological activities. [11] [12] [13] [14] Recent evidence shows that Scutellariae radix has beneficial properties, including antioxidative, antitumor, and anticonvulsant effects. [15] [16] [17] In addition, it has been demonstrated that the flavonoids isolated from Scutellariae radix inhibit adhesion molecules and plasminogen activator inhibitor-1 (PAI-1) production induced by thrombin, the thrombin receptor agonist peptide, and cytokines in cultured human umbilical endothelial cells. [18] [19] [20] These findings suggest that Scutellariae radix has a beneficial role in the regulation of endothelial cells. However, little is known about the effect of Scutellariae radix on apoptosis in endothelial cells. In this study, we hypothesized that Scutellariae radix extract may have a protective effect against high glucose-induced apoptosis in cultured endothelial cells.
MATERIALS AND METHODS

Plant Materials
The roots of Scutellaria baicalensis (Labiaceae) were collected from Young-Am country, Korea. A voucher specimen (KHUVPO1064) is deposited in the East-West Medical Research Institute, Kyung-Hee University, Seoul, Korea. Dried roots of S. baicalensis (1 kg) were refluxed with 80% ethanol (3ϫ3 l) for 2 h. This extract was filtered and evaporated in a rotary vacuum evaporator and then finally lyophilized with a freezing dryer. The dry weight of the extract was 320 g (yield 32.0%). To standardize the quality of extracts of S. baicalensis used in experiments, baicalin was quantitatively assayed according to the previous method.
21 ) The content of baicalin in extracts was 17.2%. The extract was dissolved in dimethyl sulfoxide (DMSO) and diluted at the appropriate concentrations with the respective culture medium (final DMSO concentration was 0.05% (v/v)).
Cell Culture The bovine pulmonary artery endothelial cell line was provided by the American Type Culture Collection (Rockville, MD, U.S.A. with 20% fetal bovine serum (FBS, Hyclone Corp., UT, U.S.A.), penicillin 100 mU/ml, and streptomycin 100 mg/ml (Gibco BRL Co., U.S.A.). The cultures were maintained at 37°C in a humidified 5% CO 2 atmosphere and subcultured by trypsinization with 0.05% trypsin-0.02% EDTA in Ca ) for the last 6 h of incubation, and then were rinsed twice with DPBS and 10% trichloroacetic acid (Sigma). Finally, the cells were dissolved in 2 M perchloric acid (500 ml) (Sigma). Radioactivity was determined by b-scintillation counting (LS 3000, Beckman, U.S.A.).
Analysis of Apoptosis. DNA Gel Electrophoresis
Cells were seeded at a density of 1ϫ10 6 cells/dish in 100-mm tissue culture dishes. After the cells were cultured in M199 supplemented with 20% FBS for 48 h, cells were treated with medium containing 0.3% BSA with high glucose (16.7 mM) in the presence or absence of Scutellariae radix extract (final concentration 0.1 mg/ml) for 72 h. To demonstrate the formation of oligonucleosome-sized DNA fragments during apoptosis, we used the ApopLadder EX TM kit (Takara Shuzo Co., Japan). DNA pellets were solubilized in Tris-EDTA buffer (10 mM Tris-HCl [pH 8.0]; 1 mM EDTA). DNA fragments were analyzed on a 1.5% agarose gel electrophoresis and were visualized with ethidium bromide (0.1 mg/ml).
Terminal Deoxynucleotidyl Transferase-Mediated dUTP Nick End-Labeling Cells were cultured at a density of 1ϫ10 4 /well on Lab-Tek chamber slides (Nunc, Copenhagen, Denmark). After the cells were cultured in M199 supplemented with 20% FBS for 48 h, cells were treated with medium containing 0.3% BSA with high glucose (16.7 mM) in the presence or absence of Scutellariae radix extract (final concentration 0.1 mg/ml) for 72 h. In situ apoptosis detection kit (Takara Shuzo) was employed to assess apoptosis using the terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL) method. Apoptotic cells were fixed in 4% paraformaldehyde for 10 min, washed in 10 mM Tris-HCl, pH 8.0, and then permeabilized in 0.1% Triton X-100, pH 8.0. Apoptotic cells were detected by labeling free 3Ј-OH DNA ends with fluorescein-labeled dUTP, using enzyme terminal deoxynucleotidyl transferase (TdT). Cells were subsequently exposed to peroxidase-labeled anti-fluorescein antibody. Cells were incubated with diaminobenzidine at room temperature for 15 min, counterstained with 3% methyl green, and examined under light microscopy (Olympus, Japan). The total number of apoptotic cells in each slide was summed and expressed as a percentage of the total cell number.
Cell Death ELISA A cell death ELISA kit (Roche Molecular Biochemicals, Mannheim, Germany), which quantitatively detects cytosolic histone-associated DNA fragments, was employed to assess apoptosis in cells. DNA fragments were measured according to the procedures described in the kit. Briefly, cells were seeded at a density of 2ϫ10 4 cells in 24-well culture plates. The culture conditions were the same as those described in the TUNEL assay. After incubation, the cells were lysed, and intact nuclei were pelleted by centrifugation. An aliquot of the supernatant was used as the antigen source in a sandwich ELISA with a primary anti-histone monoclonal antibody coated to the streptoavidin-coated well of a microtiter plate. Subsequently, a second anti-DNA monoclonal antibody was coupled to peroxidase. The amount of nucleosomes was quantified based on the peroxidase retained in the immunocomplex. Peroxidase was determined photometrically at 405 nm with 2,2Ј-azino-di[3-ethylbenzthiazolinsulfonate] (ABTS) as the substrate.
Statistical Analysis Experiments were carried out in six cultures and expressed as meanϮS.D. Differences between the means were calculated using one-way analysis of variance (ANOVA) with a subsequent Duncan's multiple range test (pϽ0.05). The analysis was performed using SAS statistical software (SAS Inc., NC, U.S.A.).
RESULTS AND DISCUSSION
We initially examined the effect of Scutellariae radix extract on endothelial cell proliferation using the [ 3 H]-thymidine incorporation method. When cells were treated with Scutellariae radix extract (0.001-0.1 mg/ml) in a normal glucose concentration (5.5 mM), DNA synthesis was increased in a dose-dependent manner (Fig. 1) . This finding may support the view that Scutellariae radix extract can stimulate proliferation of endothelial cells. Determination of endothelial cell apoptosis was performed using three independent methods (DNA gel electrophoresis, TUNEL assay, and ELISA kit). It is well established that endothelial cells cultured with high D-glucose, but not with an equimolar concentration of L-glucose or D-mannitol, results in a significant increase in apoptosis. [6] [7] [8] [9] [10] In the present study, the endothelial cells were exposed to high glucose concentration (M199 containing 16.7 mM glucose), which was chosen to match glucose concentrations prevalent in patients with diabetes whose glucose levels are not controlled.
We first confirmed apoptosis using DNA gel electrophoresis in cells treated with high glucose (16.7 mM) for 72 h. No degradation was observed when the cells were cultured in medium containing 20% FBS. However, DNA degradation was increased following the removal of FBS. To optimize our ability to detect DNA fragmentation, apoptosis was induced by the removal of FBS and cultured in high glucose concentrations in the presence or absence of Scutellariae radix extract (0.1 mg/ml). DNA extracted from the high glucose-pretreated cells showed extensive nuclear fragmentation, with DNA being degraded to multiples of an 180-bp subunit, whereas less degradation was observed when the cells were treated with Scitellariae radix extract (Fig. 2) . The fragmented DNA was also detected histochemically by terminal labeling. Exposure of vascular endothelial cells to high glucose concentrations for 72 h resulted in a significant increase in TUNEL-positive cells when compared with normal glucose. Scutellariae radix at a concentration of 0.1 mg/ml inhibited the increase in TUNEL-positive cells caused by high glucose (Fig. 3a) . We also determined the number of dead cells using trypan blue staining (data not shown). Although the absolute number of dead cells detected by trypan blue staining and the number of TUNEL-positive cells differed, comparable results were obtained using both methods (data not shown). Similar results were also obtained with the ELISA kit that quantitatively detects DNA fragmentation. High glucose caused an increase in DNA fragmentation when compared with normal glucose. Scutellariae radix extract (0.1 mg/ml) significantly inhibited high glucose-induced apoptosis (Fig. 3b) . However, there was no effect on the apoptosis of endothelial cells treated with normal glucose in the presence of Scutellariae radix extract. Similarly, it has been reported that taurine significantly prevented high glucose-induced endothelial cell apoptosis, whereas taurine had no effect on the apoptosis found in the normal glucosetreated group. 7) It has been reported that endothelial cells cultured in high glucose concentrations have a slower rate of proliferation 2, 3) and prolonged the cell cycle.
4) The antioxidants reverted endothelial cells to almost normal growth, showing that high glucose may delay endothelial cell replication through the generation of free radicals. [5] [6] [7] Studies have indicated that oxidative stress triggers apoptosis in high glucose-induced endothelial cells, which is reversed by antioxidants. 6, 7, 10) Recent evidence has shown that Scutellariae radix has beneficial properties, including antioxidative effects. [15] [16] [17] However, to the best of our knowledge, the effect of Scutellariae radix extract on apoptosis in high glucose-induced endothelial cells has not been reported. In the present study, Scutellariae radix extract inhibited high glucose-induced endothelial cell apoptosis. This suggests that Scutellariae radix extract may prolong the life span and thereby instigate an increase in the number of endothelial cells. The various pharmacologic effects of Scutellariae radix extract and its active compounds (baicalein, baicalin, and wogonin) have been demonstrated in a cultured human bladder cancer cell line 16) and human umbilical vein endothelial cells. [18] [19] [20] It has recently been shown that baicalein selectively inhibits the nitric oxide-dependent apoptotic pathway of activated brain microglial cells by suppressing cytotoxic nitric oxide production. 22) However, the antiapoptotic action of individual compounds of Scutellariae radix was not identified in the present study. Further studies are needed to investigate which ingredient primarily con- tributes to the antiapoptitic effect of Scutellariae radix and to identify the underlying mechanism responsible for this action on the high glucose-induced apoptosis in endothelial cells.
As opposed to the antiapoptotic effect on vascular endothelial cells, it has been reported that an herbal complex containing Scutellariae radix has an antitumor effect on other cells. 11) Of particular interest is the recent demonstration that Scutellariae radix and its components have an antitumor effect on cultured bladder cancer cell lines. 16) The mechanisms through which Scutellariae radix extract exerts multidirectional action remain to be clarified.
In summary, the present results demonstrate that Scutellariae radix extract not only stimulates cell proliferation but also inhibits high glucose-induced apoptosis in vascular endothelial cells, which may be associated with the regulation of vascular endothelial cells. Thus Scutellariae radix may have beneficial effects in the treatment of diabetes-associated microvascular complications.
